We consider the Newtonian four-body problem in the plane with a dominat mass M. We study the planar central configurations of this problem when the remaining masses are infinitesimal. We obtain two different classes of central configurations depending on the mutual distances between the infinitesimal masses. Both classes exhibit symmetric and nonsymmetric configurations. And when two infinitesimal masses are equal, with the help of extended precision arithmetics, we provide evidence that the number of central configurations varies from five to seven.
, suggest that the presence of coorbital satellites might explain, at least partly, the confinement of Neptune's ring arcs.
When the configuration of the coorbital satellites changes its size, but keep the shape, the motion is called homographic. In that case each satellite describe a Keplerian orbit around the central mass.
A configuration that allows relative equilibria and homographic motions is called a central configuration and equals to configurations such that the total Newtonian acceleration of every mass is equal to a constant multiplied by the position vector of this mass with respect to the center mass of the configuration. See Lee and Santoprete (2009) and the references quoted there.
The central configurations in the case of one large mass and n infinitesimal arbitrary masses are called central configurations of the 1 + n body problem.
Maxwell (1859) studied the case of n equal masses orbiting Saturn at a common radius and uniformly distributed about a circle of this radius. He concluded that, for large n, the ring is stable if a convenient inequality between the mass of the ring and the mass of Saturn is satisfied. More recently, Moeckel (1994) studied the linear stability of the N -body problem when the motion is a rotation about the center of mass and under the condition that all the masses except one become vanishingly small. Notice that the 1 + n body problem is a particular case. Moeckel shows that the 1 + n-gon (when the small equal masses are uniformly distributed) is stable if and only if n ≥ 7. For n ≤ 6, he gives some examples of the stable configurations where the small equal bodies are not uniformly distributed. Additionally Roberts (2000) carries the analysis a step further showing that the large mass has to grow proportionally to n 3 to ensure the linear stability. Such a criteria agrees with those given by Scheeres and Vinh (1991) .
For large values of n, Hall (1988) shows that if n ≥ e 27,000 , then there is a unique class of central configurations, the regular 1 + n-gon. In Casasayas et al. (1994) the same result is proved under the assumption that n ≥ e 73 .
When n is small and the small masses are equal, in Cors et al. (2004) the authors obtain numerically that the 1 + n-gon is the only configuration when n ≥ 9. In the case n = 4 they proved that there are only three symmetric central configurations. Recently Albouy and Fu (2009) proved that any central configuration of the 1 + 4 body problem must be symmetric.
In Renner and Sicardy (2004) the authors removed the condition that the infinitesimal masses are identical and obtained results about the inverse problem, that is, given a configuration of the coorbital satellites, find the infinitesimal masses making it a central configuration. They also studied the linear stability.
In this paper we study the planar central configurations of the 1 + 3 body problem without collision between two infinitesimal satellites when two infinitesimal masses are equal. The characterization of these central configurations is summarized in Sect. 5.
Definitions and equations
In this section we present the equations of the central configurations of the 1 + n body problem. More details can be found in Casasayas et al. (1994) and Cors et al. (2004) .
Consider N particles of masses m 1 ,…, m N in R 2 subject to their mutual Newtonian gravitational attraction. In an inertial reference frame with the origin at the center of mass of the N bodies and choosing suitable units, the equations of motion of the N body problem in R 2 are
